In a previous paper (Cherry 1947) , the author has established a family of exact solutions for steady two-dimensional flow of a compressible fluid past a cylinder; the final formulae are given in theorem 6, equations (5-17) to (5-21). These formulae have now been evaluated (taking y = 1-405) for the value tx 0-05, corresponding to a tree-stream Mach number of 0-510, and the streamlines are shown in figure 1. The cylindrical obstacle has a thickness ratio 0-93, but is markedly different from N u m er ic a l so lu tio n s for tra n so n ic flow [ 32 ]
an ellipse, being almost exactly circular over its up-and downstream quadrants. The Mach number a t the ends of its transverse axis is 1*39. The flow is everywhere regular, but a small increase in the free-stream Mach number would be critical; a shock-line would begin to appear near the points on the surface where the tangent is inclined a t about 25 or 30° to the direction of the free-stream.
Since the hodograph equations are linear, new solutions can be obtained by super posing two or more known solutions. In this way the solutions illustrated in figures 2 and 3 have been obtained. Calling P the solution of solution P +0*94(72, and figure 3 the solution P + l-50$2, where S2 are the cases v = 2 of the following:
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The constants 0-94, 1-50 were so chosen th at these new solutions should be critical; in each case there are nascent shock-lines on the surface of the cylinder, and the continuation of the flow within the surface shows limit-lines. At these critical points the curvature of the surface is infinite, but the slope is continuous. For P + 0*94(72 the greatest Mach number in the field is 1*56, and a t the critical point it is 1-335. For P + l-50$2 the greatest Mach number in the field is 1-60, and at the critical point it is 1-38. In both cases the acceleration (which becomes infinite at the critical point and then changes sign) is markedly unsymmetrical about the critical point.
That the streamline through a critical point should have its curvature there infinite is not, of course, a general physical result; it is simply a feature of those critical solutions for transonic flow which are most easily obtained by the hodograph method, and this is the only known exact method.
The numerical work underlying figures 1 to 3 is heavy. The main feature is th at slowly convergent series have to be evaluated, and this requires the estimation of a 'remainder' after summing the early terms. For the final results there is an in dependent check, which indicates th at they are accurate to three significant figures. By making use of a 'screw transformation9 they showed that the partition function was the largest eigenvalue of an infinite matrix of simple characteristic structure. In the present paper an alternative method is used for deriving the partition function, and this enables the 'screw transformation9 to be generalized to apply to a number of problems of classical statistical mechanics, including the three-dimensional Ising model. Distant neighbour interactions can also be taken into account. The relation between the ferromagnetic and order-disorder problems is discussed, and it is shown that the partition function in both cases can be derived from a single function of two variables. Since distant neighbour interactions can be taken into account the theory can be formally applied to the statistical mechanics of a system of identical particles.
I n t r o d u c t io n
There are a large number of problems in statistical mechanics in which a classical solution furnishes a satisfactory approximation. When this is the case, if our assembly consists of a large number of particles, the partition function for the assembly reduces to a product of two factors, a kinetic energy factor, and a configurational factor. The first of these can easily be evaluated, and the fundamental problem which remains is the determination of the configurational partition function. Examples of problems of this type are the condensation and solidification of many substances, the order-disorder transitions in alloys, the theory of regular solid solutions, and the behaviour of ferromagnetic substances on the basis of an Ising model. In the present paper, we shall be largely concerned with the last three phenomena although § 5 will have some bearing on the first of them.
